wo 2005/047067 


PCT/EP2004/052950 


1 

Seat occupancy detector 

Introduction 

The present invention generally relates to a seat occupancy detector e.g. for 
use in an automotive vehicle. 

In modern vehicles, seat occupancy sensors are widely used In order to detect 
whether a passenger seat is occupied or not. The information about the occu- 
pancy of the passenger seat may then be used in order to control the deploy- 
ment of one or more airbags associated to the passenger seat (the deployment 
is e.g. inhibited if the passenger seat is found to be non occupied) or in the 
triggering of a seat belt reminder. 

The occupancy sensors usually comprise pressure sensing devices integrated 
in the respective passenger seat for detecting a pressure induced by the 
presence of a passenger into the seat. The pressure sensing devices, as e.g. 
disclosed In DE-A-42 37 072, comprise a plurality of individual force sensors, 
which are connected in a suitable manner to a control unit designed for measur- 
ing a pressure depending electrical property of said individual pressure sensors. 

These occupancy sensors have proven to be very reliable and well adapted to 
the detection of seat occupancy. However one drawback of these occupancy 
sensors lies in the fact, that the pressure sensing device has to be physically 
connected to the control unit by means of connection wires in order to be 
functional. This need for physically connecting the sensing device to the control 
unit causes problems In modern cars equipped with a flexible seating system 
with removable and/or displaceable back seats. 

Object of the invention 

The object of the present invention is to provide a seat occupancy sensor which 
is not depending on a physical connection between the pressure sensing device 
and the control unit. 
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General description of the Invention 

In order to overcome the abovementioned problems, the present invention 
proposes a seat occupancy sensor, comprising at least one pressure detection 
device associated with a surface of a seat and a control unit for communicating 
with the pressure detection device. According to the invention said pressure 
detection device comprises a surface acoustic wave device including at least 
one surface acoustic wave resonator and an antenna and said control unit 
comprises an RF antenna for remotely communicating with said surface 
acoustic wave device. 

A surface acoustic wave resonator consists of a piezoelectric substrate with 
metallic structures (Interdigltal transducers) on its plain-polished surface. Due to 
piezoelectricity an electric signal at the interdigltal transducers will stimulate a 
surface acoustic wave on the surface of the substrate. Vice versa a surface 
acoustic wave generates an electric charge distribution at the receiving inter- 
digltal transducers which is measurable as an electric signal. In case of a one 
port surface acoustic wave resonator only one interdigltal transducer is con- 
nected electrically while the other interdigltal transducers are reflective. If the 
interdigltal transducer is connected to an antenna, the element is operable as a 
passive wirelessly interrogable system. 

As the velocity of the surface acoustic wave travelling along the surface of the 
piezoelectric substrate is depending inter alia on tiie environmental conditions 
at the sensor surface, the response of the surface acoustic wave devices 
depends on the environmental conditions. Thus the surface acoustic wave 
devices may be used to measure en\^ronmental conditions such as pressure, 
temperature, etc. 

The surface acoustic wave resonator is connected to a miniaturized antenna so 
that the surface acoustic wave device acts as a resonator. If a radio frequency 
(RF) signal is sent to the surface acoustic wave device, the surface acoustic 
wave resonator oscillates at a frequency, which Is depending on the given 
environmental condition in the vicinity of the surface acoustic wave device. The 
response signal of the surface acoustic wave device, which is wirelessly 
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transmitted back to the control unit, may be processed in to control unit in order 
to extract the information about the measured condition. 

The remote operability of the surface acoustic wave device enables the seat 
occupancy sensor to be remotely operated and interrogated vwthout the need 
for cabling between the pressure detection device and the control unit. Thus the 
seat occupancy status may be detected for all seats in a car without affecting 
the flexibility of a seating system with removable and/or displaceable back 
seats. 

It will be noted, that a single control unit may be used for operating and interro- 
gating several pressure detection devices arranged in different seats of the car. 
In a possible embodiment, the RF antenna of the control unit may be arranged 
in a region of the car, where communication is possible with surface acoustic 
wave devices as well in the front seats as in the rear seats. It will be appreci- 
ated, that in this case each of the surface acoustic wave devices associated to 
the different seats preferably operates in a different oscillating frequency range 
in order to be selectively addressable. Altematively or additionally a radio 
frequency tag may be integrated in each of the surface acoustic wave devices 
In order to ensure the addressability of each device. 

It will be noted that surface acoustic wave devices are totally passive sensor 
devices which do not require a dedicated power supply. Thus there is no need 
to provide a battery power for the surface acoustic wave device of the seat 
occupancy sensor of the present invention to be operable. Furthermore, surface 
acoustic wave devices are characterized by their small size, low cost and rigged 
construction. 

In a first embodiment of the invention, the seat occupancy detector uses the full 
potential of the surface acoustic wave device as a pressure sensor and an RF 
transmitter for transmitting information on the pressure acting on the seat to the 
control unit. In this embodiment, said pressure detection device comprises a 
sealed chamber integrated into said seat, said sealed chamber being filled with 
a pressure medium. The surface acoustic wave device is associated to said 
pressure chamber for detecting a pressure inside said pressure chamber. 
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If suitably arranged in the seat, the sealed chamber will be compressed by a 
passenger sitting in the seat. Thus the pressure inside the sealed chamber is 
depending on the seat occupancy status of the seat and the determination of 
the pressure inside the sealed chamber enables to conclude on the occupancy 
status of the seat. In the present embodiment, the surface acoustic wave device 
which is associated to the sealed chamber is used to measure the pressure 
inside the sealed chamber. If the determined pressure inside the sealed 
chamber exceeds a specific threshold value, the corresponding seat is consid- 
ered to be occupied and the control unit may generate a corresponding occu- 
pancy signal. 

The surface acoustic wave device may be arranged Inside said sealed chamber 
in the pressure medium. Alternatively the surface acoustic wave device may be 
arranged at a periphery of said sealed chamber and coupled to a wall of said 
sealed chamber. 

The sealed chamber of the pressure detection device is filled with a pressure 
medium, i.e. a material which is adapted in order to distribute a pressure 
homogeneously In the sealed chamber. Any material responding to this criteria 
may be used for the present invention. Furthermore, in case that the surface 
acoustic wave device is directly arranged in the pressure medium, the material 
should advantageously enable the surface acoustic waves to propagate inside 
the material. In a preferred embodiment, this the pressure medium may e.g. 
comprise a gel-like medium or a liquid or a gaseous fluid. 

In order to increase the active area of the seat occupancy sensor, the sealed 
chamber may comprise a plurality of cavities arranged at different locations with 
respect to the seat surface, said ca\^ies being interconnected with each other. 
The different cavities may e.g. be distributed over the seating surfaces of the 
seat so as to ensure detection of a passenger even in case of an out of position 
occupancy. The cavities are interconnected so that a pressure introduced in 
one of the cavities is transmitted by the pressure medium to the surface 
acoustic wave device associated to the sealed chamber. 
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In a preferred embodiment of the invention, said surface acoustic wave device 
comprises a first surface acoustic wave resonator adapted for pressure meas- 
urement inside the sealed chamber and a second acoustic wave resonator 
adapted for temperature measurement. The first surface acoustic wave resona- 
tor is e.g. preferably able to oscillate at a given frequency depending on the 
pressure inside the sealed chamber while the second surface acoustic wave 
resonator is able to oscillate at a given frequency d^ending on the temperature 
inside the sealed chamber. In this embodiment, the surface acoustic wave 
device also enables the measurement of the temperature inside the sealed 
chamber, thus allowing for temperature compensation of the measured pres- 
sure \^lues. 

It will be noted, that the first and second surface acoustic wave resonators may 
be provided on a single piezoelectric substrate, whereby different regions of the 
device are optimized for the measurement of a different environmental parame- 
ter. 

In an other embodiment of the invention, the pressure detection device com- 
prises besides the surface acoustic wave device, a dedicated pressure sensor, 
which is associated to the surface acoustic wave device. In this embodiment, 
the dedicated pressure sensor, which may be of any suitable type for use in a 
vehicle seat, is solely responsible for the pressure detection, while the surface 
acoustic wave device is used for tiie remote transmission of tiie respective 
pressure signal. In a preferred embodiment, said dedicated pressure sensor 
comprises a pressure sensitive switching device, said pressure sensing switch- 
ing device being electrically connected to said surface acoustic wave device so 
as to activate said surface acoustic wave device when said pressure sensitive 
switching device is triggered. In this embodiment of the invention, the detection 
of seat occupancy is achieved by the pressure sensitive switching device and 
the con-esponding Information is transmitted to tiie control unit using the surface 
acoustic wave device's capability to remotely communicate with the control unit. 

In a possible embodiment of this variant, the pressure sensitive switching 
device may have an electrical property (e.g. resistance) which varies depending 
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on the pressure acting on the pressure sensitive switching device. Such a 
pressure transducer device may then be connected to the surface acoustic 
wave resonator in such a way, that the resonance frequency of the device is 
modulated by electrical property value of the pressure sensitive device. 

In a preferred embodiment of the Invention, the pressure sensitive switching 
device is connected in series between the surface acoustic wave resonator and 
the antenna. It follows that the pressure sensitive switching device acts as a 
switch for establishing an electrical connection between the surface acoustic 
wave resonator and the antenna. The surface acoustic wave device accordingly 
is only activated if the connection between the surface acoustic wave resonator 
and the antenna is established. The pressure sensitive switching device thus 
should be designed so as to close the electrical contact between the surface 
acoustic wave resonator and the antenna if a passenger is occupying the seat. 
The pressure sensitive switching device may e.g. comprise a foil-type switching 
device, which is integrated into the seat. These foil-type switching devices are 
well known In the art and are available as simple switches or as pressure 
transducers. 

In the absence of a seat occupant, the pressure sensitive switching device is 
not triggered and the surface acoustic wave device Is accordingly not active. 
Thus the control unit does not receive a signal from the surface acoustic wave 
device. On the contrary. If an occupant is present, the switching device is 
triggered and the electrical contact between the surface acoustic wave resona- 
tor and the antenna is established. The control unit thus will receive a response 
signal from the surface acoustic wave device. In this embodiment of the 
invention, the presence or the absence of a response signal of the surface 
acoustic wave device gives the occupant detection information to the control 
unit. 

In order to Increase the active area of the seat occupancy sensor, the pressure 
sensitive switching device preferably comprises a plurality of individual pressure 
sensors or switches an^anged at different locations with respect to the seat 
surface. The different individual pressure sensors may for instance be distrib- 
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uted over the seating surfaces of the seat so as to ensure detection of a 
passenger even in case of an out of position occupancy. The skilled person will 
appreciate that there exist different possibilities to connect the different individ- 
ual pressure sensors between the surface acoustic wave resonator and the 
antenna. 

The surface acoustic wave device of the present variant of the invention may be 
solely used in order to transmit he occupancy information to tiie control unit. 
However In a preferred embodiment, the surface acoustic wave is preferably 
adapted for the measurement of the temperature inside the seat, thus allowing 
for temperature compensation of the occupancy information. In this embodi- 
ment, the surface acoustic wave device accordingly comprises at least one 
acoustic wave resonator adapted for temperature measurement. Said surface 
acoustic wave resonator is e.g. able to oscillate at a given frequency depending 
on the temperature inside the sealed chamber. 

It will be appreciated that the present invention proposes a very flexible, robust 
and low cost seat occupancy sensor, which is suitable for wirelessly detecting 
seat occupancy for all of the seats of a vehicle. Furthermore it will be noted that 
the seat occupancy sensor of the present invention may be used for different 
applications such as airbag deactivation (if a passenger seat is not occupied), 
seat belt reminders or others. 

Detailed description with respect to ttie figures 

The present invention will be more apparent from the following description of 
several not limiting embodiments with reference to the attached drawings, 
wherein 

Fig.1 : a top view of a vehicle seat seating surface with a first embodiment of a 

seat occupancy sensor; 
Fig.2: a section view of the seat occupancy sensor along the line A-A of fig. 1 ; 
Fig.3: a schematic view of the operation of the occupancy sensor of fig. 1 ; 
Fig.4: a top view of a vehicle seat seating surface with a second embodiment of 

a seat occupancy sensor; 
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Fig.5: a section view of the seat occupancy sensor along the line A-A of fig. 4; 
Fig.6: a schematic view of the operation of the occupancy sensor of fig. 4. 

Fig 1 shows a top view on a seating surface 10 of a vehicle seat 12. A pressure 
detection device 14 is associated with the seating surface 10. In the shown 
example, the pressure detection device 14 is integrated in the car seat between 
the trim 16 and the seat foam 1 8. 

The pressure detection device 14 shown in figs 1 to 3 comprises a sealed 
chamber 20 with several interconnected cavities 22. In order to increase the 
active area of the pressure detection device 14, the cavities 22 are arranged at 
different locations of the seating surface 10 and interconnected by means of 
channels 24. 

A surface acoustic wave device 26 comprising at least one surface acoustic 
wave resonator 28 is associated to the sealed chamber so as to be able to 
sense the pressure inside the sealed chamber. In a possible (non shown 
embodiment) the surface acoustic wave device may be arranged inside the 
sealed chamber and inside the pressure medium. In the shown embodiment, 
the surface acoustic wave device is arranged at a periphery of the sealed 
chamber 20 and coupled to a wall of the sealed chamber (see fig. 2). 

The inside of the sealed chamber 20 is filled with a pressure medium, e.g. a 
gaseous or a liquid fluid, which enables a pressure acting on one of the cavities 
by an occupant 32 to be transmitted to the surface acoustic wave device 26. 

Further to the surface acoustic wave resonator 28, the surface acoustic wave 
device 26 comprises a miniaturized antenna 30, which is connected to an 
interdigital transducer (not shown) of the surface acoustic wave resonator 28. 
This antenna enables the surface acoustic wave device to remotely and 
wirelessly communicate with a control unit 34 (not shown in figures 1 and 2) 
including an RF antenna 38. The RF antenna 38 of the control unit 34 is 
preferably arranged Inside the vehicle at a location, at which the RF antenna 
"sees" the antennas 30 of different surface acoustic wave devices arranged in 
different vehicle seats. 
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The surface acoustic wave resonator 28 is designed for pressure measurement 
inside tlie sealed chamber 20. If a radio frequency signal at a frequency fo+Afo 
is emitted by the remote control unit 34, the signal is received by the antenna 30 
of surface acoustic wave device 26. The surface acoustic wave resonator 28 
then oscillates with a frequency fo+Afo where Afo is e.g. proportional to the 
chamber pressure. This frequency fo+Afo is sent back to and received by the 
control unit for data processing. 

Further to the surface acoustic wave resonator 28, the surface acoustic wave 
device may comprise a second surface acoustic wave resonator 36 dedicated 
to the temperature measurement. As for the first resonator 28, the main inter- 
digital transducer of resonator 36 is coupled to antenna 30 of the surface 
acoustic wave device 26. If a radio frequency signal at a frequency fi+Afi is 
emitted by the remote control unit 34, the signal is received by the surface 
acoustic wave resonator 36 via antenna 30. The surface acoustic wave resona- 
tor 36 oscillates with a frequency fi+Aff, where Afi is e.g. proportional to the 
local temperature. This resonance frequency is sent back to and received by 
the control unit for data processing. 

Thanks to the pressure and temperature measurements, the calibrated meas- 
urement is computed and "occupied/not occupied" infomnation is established. 

A different embodiment of the invention is shown in figs 4 to 6. In this variant, 
the pressure detection device 114 comprises a pressure sensitive switching 
device 120 which is associated with the seating surface 10 of the seat 12. The 
pressure sensitive switching device 120 may e.g. be Integrated into the seat 
between the seat trim 16 and the seat foam 18. Alternatively the pressure 
sensitive switching device 120 may be integrated into the seat foam 18. 

The pressure sensitive switching device 120 may comprise a simple membrane 
switching device or a pressure transducer. Preferably the pressure sensitive 
switching device 120 comprises several pressure sensitive switches or sensors 
122, which are suitably distributed over the seating surface In order to Increase 
the active area of the pressure sensitive switching device 120. 
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The pressure sensitive switching device 120 Is connected to a surface acoustic 
wave device 126 in such a way as to activate said surface acoustic wave device 
126 when one or more of said switches or sensors 122 of said pressure 
sensitive switching device 120 is triggered by an occupant 32. In the shown 
embodiment, the pressure sensitive switching device 120 is connected In series 
between the surface acoustic wave resonator 136 and the antenna 130 of the 
surface acoustic wave device 126. It follows that the pressure sensitive switch- 
ing device 120 acts as a switch for establishing an electrical connection be- 
tween the surface acoustic wave resonator 136 and the antenna 130. Accord- 
ingly the surface acoustic wave device 126 is only activated if the pressure 
sensitive switching device 120 is triggered by the presence of an occupant on 
the seat. 

In the absence of a seat occupant, the pressure sensitive switching device 120 
Is not triggered and the surface acoustic wave device 126 is not active. Thus 
the control unit 34 does not receive a signal from the surface acoustic wave 
device. On the contrary, if an occupant 32 is present, the switching device 120 
is triggered and the electrical contact between the surface acoustic wave 
resonator 136 and the antenna 130 is established. The control unit 34 thus will 
receive a response signal from the surface acoustic wave device 126. The 
presence or the absence of a response signal of the surface acoustic wave 
device thus gives the occupant detection information to the control unit. 

Surface acoustic wave resonator 136 may be solely used for Its wireless 
communication capabilities. In this case, if the pressure sensitive switching 
device 120 is triggered and if a radio frequency signal with a frequency U is 
emitted by the remote control unit 34, the signal is received by the surface 
acoustic wave resonator 136 via antenna 130. The resonator then oscillates 
with a given frequency f, which Is sent back to the control unit 34 if one or 
several switches 122 are activated. 

In the preferred embodiment shown In fig. 6, the surface acoustic wave resona- 
tor 136 is designed for temperature measurement. In response to an excitation 
field with frequency U+AU the resonator 136 then oscillates with a frequency 
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fi+Afi Where Afi is e.g. proportional to the chamber pressure. This frequency 
1i+Afi is sent bacl< to and received by the control unit for data processing. After 
extraction of the temperature information, the sensed temperature may then be 
used for temperature calibration of the pressure sensitive switching device 120. 
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seating surface 
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vehicle seat 
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pressure detection device 
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seat trim 

5 

18 

seat foam 
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sealed chamber 
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surface acoustic wave device 

10 

28 

surface acoustic wave resonator 
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miniaturized antenna 
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control unit 
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RF antenna 

15 
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RF antenna 


114 

pressure detection device 
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pressure sensitive switching device 
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pressure sensitive switches or sensors 
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surface acoustic wave device 
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surface acoustic wave resonator 


